Abstract-The circular disc monopole (CDM) antenna has been reported to yield wide-impedance bandwidth. Experiments have been carried out on a CDM that has twice the diameter of the reported disc with similar results. New configurations are proposed such as elliptical (with different ellipticity ratios), square, rectangular, and hexagonal disc monopole antennas. A simple formula is proposed to predict the frequency corresponding to the lower edge of the bandwidth for each of these configurations. The elliptical disc monopole (EDM) with ellipticity ratio of 1.1 yields the maximum bandwidth from 1.21 GHz to more than 13 GHz for voltage standing wave ratio (VSWR) < 2.
I. INTRODUCTION
The circular disc monopole (CDM) antenna has been recently proposed [1] , [2] that has a very large impedance bandwidth. A CDM of 25-mm disc diameter, made of 0.5-mm-thick brass plate mounted at height h = 0:7 mm over a square ground plane (30 cm 2 30 cm), yielded an impedance bandwidth of 2.25-17.25 GHz for voltage standing wave ratio (VSWR) < 2 [1] . However, the details of the radiation pattern have not been reported except for the mention that the pattern degrades above 12 GHz. Hence, we have carried out a detailed experimental study on CDM antennas including some new configurations such as elliptical disc with different ellipticity ratios, square, rectangular, and hexagonal monopoles.
II. CIRCULAR DISC MONOPOLE
The measurements have been carried out on a CDM antenna with a disk diameter of 50 mm and a thickness of 1 mm (shown as inset in Each EDM was fed along the minor axis (EDMA) and the major axis (EDMB), as shown in the inset of Fig. 1 . Experiments have been carried out on all eight configurations. The VSWR plots for EDM1A and EDM1B are shown in Fig. 1 . The dimensions and measured VSWR bandwidths for all these cases are summarized in Table I . The maximum bandwidth is obtained for EDM1A and EDM1B as compared to CDM. As ellipticity ratio increases from 1.1 to 1.4, bandwidth decreases.
The frequency corresponding to the lower edge of the bandwidth of these monopole antennas can be determined approximately by equating the area of the planar configuration to that of a cylinderical wire of height l (which is same as that of planar disc height) with equivalent radius r given by 2rl = ab. The length of a monopole for real input impedence is given by [3] l = 0:24 2 2 F where F = (l=r)=(1 + l=r).
From the above equations, the resonant frequency is given by f = c= = (30 2 0:24)=(l + r) GHz where l and r are in centimeters.
The frequencies calculated using the above equations for the discs tested are shown in Table I . By comparison with the measured frequencies, this simple formulation agrees within 68%. 
IV. SQUARE, RECTANGULAR, AND HEXAGONAL MONOPOLES
Simple monopole shapes such as square (SM), rectangular (RM), and hexagonal (HM) have been fabricated by keeping the area same as that of CDM. The SM was fed in the middle of the one side, RMA and RMB were fed in the middle of the larger and smaller dimensions respectively, and HMA and HMB were fed in the middle of a side and at a vertex, respectively.
The dimensions and VSWR bandwidths of these configurations are listed in Table II . Also, the theoretical lower frequency obtained by equating the area of these configurations with the equivalent cylindrical monopole antenna as described in the previous section is tabulated. Again, the agreement with the measured results is reasonably good.
Hexagonal monopoles provide a wider bandwidth than the square and rectangular monopoles. Though these configurations give much lesser bandwidth than circular and elliptical configurations, these bandwidths are large enough for various applications.
V. RADIATION PATTERN OF CDM AND EDM
Among all the configurations studied, the CDM and EDM1A yield maximum bandwidth. The results of measured radiation patterns of these two configurations are summarized as follows. As the frequency increased from 2.5 to 9.0 GHz, the direction of maxima of the conical beam of the E-plane pattern varied from 30 to 60 from elevation, whereas the H-plane pattern remained nearly omnidirectional with maximum variation in azimuth increasing from 4 to 7 dB. The slight distortion in the patterns might be attributed to shape of the disc monopole, reflections from metallic surfaces and edge diffraction. However, these patterns are similar to that of a vertical linear monopole antenna of equivalent height on a finite ground plane.
VI. CONCLUSION
Experiments have been carried out on various planar monopole antennas such as circular, elliptical, rectangular, square, and hexagonal disc monopoles. A simple formula has been proposed to predict the lower frequency. An elliptical disc with ellipticity ratio 1.1 provides a bandwidth ratio of more than 1 : 10.7 for VSWR < 2.
